Pharmacokinetic models have proved useful in predicting the concentration time course of drugs, anaesthetics, industrial solvents, and environmental contaminants in blood and biological tissue. They have been applied to the design of optimum drug or anaesthetic regimens, determination of the kinetics of industrial toxicants, and the relation between environmental levels of chemicals and their concentrations in human or animal tissue. They permit prediction of the physiological distribution of chemicals of similar properties, extrapolation of this distribution to other species, and aid in the interpretation of responses.
In these models it is essential to include reliable expressions for tissue/blood and blood/gas partitioning, as well as for physiological volume and kinetic parameters. Thus there is an incentive to develop methods to correlate and predict tissue/gas and blood/ gas partition coefficients. Several studies have reported such correlations. '4 In the present paper we discuss and illustrate a novel approach for calculating and correlating partitioning characteristics. Rather than correlate partition coefficients, which are inherently functions of properties of the chemical in two phases-for example, tissue and blood or tissue and air-we treat each phase individually and assign and correlate a single "solubility" property to each chemical in each phase.
The advantage of this approach is that it shows immediately how a partition coefficient is influenced by each contributing phase. Most 
important, it avoids
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To illustrate the statistical problem, we consider a series of chemicals (subscripts 1, 2, 3) of limited solubility in water, fat, and a tissue (subscripts W, F, and T). The partition coefficients-for instance, KFWI, the partition coefficient of chemical 1 between fat and water-may also be regarded as the ratio of the solubility SFI and Swl-that is, KFWl iS SFI/SWI. For example, a set of solubility data in arbitrary units may be: SFI = 1000 ST, = 300 Sw, = 100 SF2 = 900 S2 =250 SW2= 10 SF3 = 800 ST3 = 280 SW3 = 1
The corresponding partition coefficients are thus: KFwl = By this approach it is possible to deduce probable partition coefficients from water solubility alonethat is, where no partition coefficient data exist. For example, if a fourth structurally similar chemical in this series has a water solubility of 50, it may be estimated that its fat/water and tissue/water partition coefficients will be about 20 and 6 respectively.
Phase equilibria
We first set out the rigorous thermodynamic basis of phase equilibrium using fugacity as an equilibrium criterion, derive relations between fugacities, solubilities, and partition coefficients, and then illustrate the approach for a set of relatively volatile organic chemicals that are of pharmacokinetic interest. The thermodynamic background is reviewed by Prausnitz.5 When characterising the partitioning of an organic chemical between two phases such as water and fat, a partition coefficient K,, is usually defined as the dimensionless concentration ratio Ci/Cj where C may have units such as g/l, mol/l or mol/m3. At equilibrium, the chemical potentials, activities, or fugacities of the solute are equal in each phase. An alternative method of expressing partitioning is to relate each concentration separately to a common chemical potential, activity, or fugacity. This latter approach has the advantage that it clearly divides the partition coefficient into the two separate contributions of each phase. It is particularly advantageous to use fugacity as the equilibrium criterion since it is approximately linearly related to concentration, whereas chemical potential is logarithmically related. To elucidate the relations between partition coefficients we discuss their fundamental relations to fugacity.
We adopt the approach here of defining for each chemical in each phase a solubility or "pseudosolubility" such that the partition coefficient between these two phases is the ratio of these solubilities.
For a gas phase, or air, the fugacity f Pa of a solvent is essentially equal to its partial pressure P Pa, the exceptions occurring when the solvent self-associates as in the case of NO2 or carboxylic acids. The partial pressure is related to concentration in air CA mol/m3 through the gas law as
where R is the gas constant 8- (9) Having established these individual solubility relations, the various partition coefficients may be deduced as follows Liquid/air-for example, water/air or oil/air K = CL/CA = (f/(vyP')/(f/RT)) = RT/vyP' = C2RT/P' (10) K may be regarded as the ratio of solubility in the liquid CL to solubility in air Cs or Ps/RT. Liquid/liquid-for example, oil/water K = CLI/CL2 = V2Y2/VIYI (11) Clearly the reason that a solute such as benzene has such a high oil/water partition coefficient is that it has a low solubility in water CL2 due to its large activity coefficient Y2 in water. Its solubility in oil CL, is relatively large and y, relatively small (say, 3) reflecting the near ideality of the mixture of organic solvent in an organic medium.
Complex liquid/air-for example, blood/air (12) where K, is the component/air partition coefficient.
Complex liquid/liquid-for example, blood/fat
For a complex liquid the bulk partition coefficients are thus expected to be additive in proportion to the volume fractions of the contributing phases.
When correlating partition coefficients we suggest that it is preferable to examine the individual phase 323 solubilities or pseudosolubilities rather than their ratios because, as was discussed earlier, two variables x and y which are unrelated may appear to be related if plotted as x/z versus y/z. Fat/air and muscle/air partition coefficients appear to be related because both contain the air solubility. It is preferable to examine a chemical's fat solubility and muscle solubility separately and independently of their common air solubility.
A common surrogate for organic phases is noctanol and extensive data exist for n-octanol-water partition coefficients KO KOWC, by assuming that KOW is not only the ratio of concentrations but also the ratio of solubilities. Other less defined organic liquids such as olive oil may also be used for this purpose.
In summary, equations have been presented expressing fugacity, solubility, and partition coefficients in terms ofthe fundamental thermodynamic quantities y, P', Cs, and molar volumes v for simple phases with a further dependence on volume fractions y for complex phases. We now examine the partition coefficients reported in publications and deduce the values of the fundamental phase solubilities, hoping that these solubilities may be individually predictable. Subsequently, we illustrate how these solubilities may be used to predict equilibrium concentrations. Table 1 gives the physical chemical properties of 24 volatile organic chemicals including the actual or pseudosolubilities in water, the saturation concentration or solubility in air (P'/RT), and the pseudosolubility in octanol KowCs. The water solubilities have been obtained either from data8 1011 13 or calculated from activity coefficients9 or Oswald coefficients'" as described earlier. Table 2 gives values of selected tissue/air and blood/ air partition coefficients for these chemicals.'"316 By combining the partition coefficients and the air solubilities, solubilities in blood and various tissues may be calculated for each compound (table 3) .
Data analysis

Results and discussion
It is striking that the water solubilities in table 1 range from 0-006 to 27 000 mol/m3, a factor of 4-5 million.
The air solubilities vary from 0 7 to 42, a factor ofonly 60. The octanol solubilities vary from 700 to 6000, Paterson, Mackay solubility. An average value of y may be obtained by substituting the above x in the above equation for the highly water soluble chemicals. Alternatively, linear regression may be used. This method was applied to obtain correlations for solubilities in kidney, liver, and brain.
It is interesting that when using this approach the aromatics display solubilities in blood that are consistently higher than those predicted. For example, for benzene, published blood solubilities (mol/m3) are 65 compared with the predicted 34; for toluene, 41 against 16; and for styrene 39 against 14. This suggests an additional protein or other binding corresponding to a solubility increase of 30 mol/m3 for these aromatics. The reported solubilities of benzene and toluene in kidney, liver, and fat are also larger than those predicted but not by such a constant amount as in the case ofblood. This again could be due to protein binding.
In summary, the following correlation system is suggested.
From the reported vapour pressure P' (Pa) the air solubility (P'/RT) or Cs is calculated. From the actual water solubility, or an activity coefficient correlation, or a gas/water partition coefficient, a water solubility Cwis calculated.
Correlation ofpartition coefficients If the chemical is aromatic 30 mol/m3 is added to the blood solubility. Each partition coefficient is then calculated as the ratio of the corresponding solubilities. These partition coefficients when plotted as in figs I to 4 show the expected good correlation with those observed by other workers. Much of the apparent correlation in these figures is attributable to the presence of a common variable on each axis. There are four common outliers: 1, 1, 1 trichloroethane, trichloroethylene, chloroform, and l-propanol. With the exception of trichloroethylene, these compounds were indicated in table 1 as having suspect octanol solubilities. These may be due to errors in the calculated water solubilities. The advantage of this approach is that it shows clearly the dominant determinants of partition coefficients. Usually it is water solubility or air solubility-that is, vapour pressure. Furthermore, for a chemical that is similar in nature to this group it is possible to estimate the partition coefficients from only a knowledge of vapour pressure and water solubility; no other partition coefficient is needed. The method may also help to elucidate the presence of unusually high solubilities or binding to protein or other material. Similar correlations could be developed for other groups of chemicals. A similar calculation for styrene at 80 ppm gives an equilibrium blood concentration of 19 mg/l which is a factor of 19 greater than the observed value. This large factor is due to the rapid metabolism of styrene. An equilibrium model such as this must be used with caution because the concentrations represent maximum achievable values. When metabolism is rapid, considerably lower concentrations occur. As metabolic saturation is approached, the equilibrium model becomes more reliable.
The calculation may also be done using another concentration as a basis. For example, if the blood concentration is known the activity may be deduced and the other concentrations estimated.
Finally, ifa total amount ofchemical (body burden) is known then the activity may be deduced from that amount M mol, as M = ECiVi= EASiV = AlSSV or A = M/XSiVi then Ci = ASi where Si is the phase solubility (mol/m3) and Vi the 
